###### Strengths and limitations of this study

-   This is one of the first randomised controlled trials in Sweden to implement internet-based rehabilitation beyond conventional hearing aid fitting in a general clinical practice.

-   The recruitment process used in the clinical trial will provide indications of the types of hearing aid users who are interested in this type of intervention.

-   One limitation of this study is that the control group received an active intervention.

-   Another limitation of this study is that the control group received only one of the four elements of the programme, overlooking the relative benefit that any other element alone/combination of elements might have as compared with the full intervention.

Introduction {#s1}
============

Hearing impairment influences communication in people's daily life. In agreement with the International Classification of Functioning, Disability and Health,[@R1] the objective of aural rehabilitation (AR) is to promote social participation for people with hearing impairment. Addressing this objective includes fitting the client with hearing aids (HA), educating him or her about the condition and providing perceptual training and counselling[@R2]. To improve communication for people with hearing impairment, researchers recommend combining group AR with HA use.[@R3] This combination has been shown to be more cost-effective than HA use alone.[@R7] However, despite the recommendations, the most common approach is the use of HAs alone.[@R8] This discrepancy could be explained by clinicians' lack of time and the difficulties of scheduling comprehensive AR in addition to HA fitting.[@R9] Moreover, HA users with stressful life situations may have very limited time to spend on travelling to participate in rehabilitation courses offered by the clinic. Also, many HA users experience communication difficulties despite today's HA technology. This could cause patients to stop using their HAs,[@R10] which can lead to withdrawal from and/or avoidance of interpersonal interactions or involvement in community life. A review of the literature showed that HA users' self-perceived hearing difficulties can affect help-seeking, HA uptake, HA use and satisfaction.[@R11] Although combining group AR with HA use can be beneficial, the overall availability of and adherence to communication programmes are still low.[@R12]

Several studies have suggested that AR could be provided without in-person meetings,[@R13] for example by providing educational programmes using telephone/internet-based AR. A recent systematic review indicated that such resources show benefits such as increased access to care, cost-effectiveness and improved quality of care in terms of user satisfaction.[@R20] Further on, internet use is increasing among people with hearing impairment, which encourages including the internet for AR in future research.[@R21] There is evidence to suggest that learning and educational support delivered via the internet could support first-time HA users in clinical practice.[@R19] However, the effectiveness of clinical use of the internet for AR is sparsely examined.

Our research group designed a randomised controlled trial (RCT) of internet-based AR[@R18]. The results showed significantly increased activity and participation in the intervention group by using the internet to provide AR in addition to HA fitting, while the control group did not improve. The study provided proof of concept that AR beyond HA fitting could be performed over the internet.[@R16] However, participants were recruited through advertisements and articles in Swedish national daily newspapers and on the internet, and the study did not indicate whether internet-based interventions could be feasible if strictly administered in a clinical setting. Nonetheless, we chose to use this same RCT design[@R18] as described above and supplement the trial with telephone support, and then implement the trial in a clinical setting at a later time. Our earlier research showed promising results for telephone-supported AR for HA users in general clinical practice (GCP).[@R17] A study of self-help treatment for tinnitus in a clinical setting showed significant improvements pretreatment to post-treatment and at follow-up when internet-based treatments were used, indicating that self-help treatment can be transferred to the clinic.[@R24] Studies in other research fields, such as panic disorders, have shown that guided internet-based therapy is efficacious and effective when delivered as part of routine psychiatric care.[@R25]

The first aim of this study was to evaluate whether internet-based AR for HA users will be effective in GCP. Our assumption was that the internet-based AR programme would reduce residual hearing problems among HA users and improve the participants' communication strategies and psychosocial well-being, while participating in the control group would not. The intervention groups' improvements post-treatment are expected to be maintained when assessed 6 months post-treatment. The second aim of the study was to analyse the effect of internet-based AR in GCP among two age-groups: 20--59 years and 60--80 years. Our hypothesis was that the 20--59 years age group may be more receptive to internet-based AR because of their presumably greater digital literacy skills,[@R26] compared with those who are in the 60--80 years age group.

Methods {#s2}
=======

The Consolidated Standards of Reporting Trials checklist was followed when reporting the abstract, designing the study and analysing and interpreting the results.[@R27] A flow chart of the study procedure is presented in [figure 1](#F1){ref-type="fig"}. The trial is registered at ClinicalTrals.gov, NCT01837550.

![Flow chart for the study procedure. Sets 1+2 of the recruitment process are presented in parentheses \[n=set1+set2\]. Set 1=20--59 years age group, set 2=60--80 years age group. CSS, Communication Strategies Scale of the Communication Profile for the Hearing Impaired; HADS, Hospital Anxiety and Depression Scale; HHIE, Hearing Handicap Inventory for the Elderly; IOI-HA, International Outcome Inventory for Hearing Aids.](bmjopen-2016-013047f01){#F1}

Recruitment and selection {#s2a}
-------------------------

The eligibility criteria targeted the most common patient category at three clinics within the Hearing Organization, Södra Älvsborg, Sweden: patients who were 20--80 years old and who had conductive or sensorineural binaural hearing loss of 20--60 Decibel Hearing Level (dB HL) pure-tone average (500, 1000 and 2000 Hz). Additional eligibility criteria included patients who had completed an HA fitting 3 months before the study began (regardless of HA manufacturer or model), who had an Hearing Handicap Inventory for the Elderly (HHIE) score ≥20 points,[@R29] indicative of some residual hearing problems, and who gave their informed consent to participate. The study was conducted in 2013--2014. There was no difference in the three clinics in terms of patients and general procedures. The recruitment process was conducted in two sets, one for participants aged 20--59 years and one for those aged 60--80 years. All potential participants who fulfilled the criteria for age, hearing loss and HA fitting received a recruitment letter that contained information about the study's purpose and structure, and stressed that the participants' privacy would be protected and that participation was voluntary. The participants were prepared to allocate 1.5--2.0 hours each week to participate in the study and were informed that they would be placed into one of two groups. The participants were asked to visit the website [www.iterapi.se/sites/hornet](www.iterapi.se/sites/hornet) to read more about the study and to initiate participation.

The first step of the participation required registering at the website and completing a screening form. Participants who completed this first step (n=108) were called by the project leader for a telephone interview to assess their eligibility; of these, 104 agreed to participate in the study. The next step was for the participants to return a signed consent form to the project leader and to complete four standardised questionnaires (see 'Outcome measures' below). Consequently, 74 participants were included in the study, as seen in [figure 1](#F1){ref-type="fig"}.

The study was an RCT with a parallel group design and a simple randomisation procedure through the recruitment process that was conducted in two sets. The 74 participants were randomly assigned to either an intervention group (group 1) or a control group (group 2) according to a computer-generated list of random numbers. An independent audiologist at the clinic (not involved in the recruitment) generated the random allocation sequence using a computer software program and assigned the participants to different groups. The independent audiologist reported the allocation schedule to the project leader, who then enrolled the participants. The assigned participants were told which group they were allocated to (1 or 2) but were not informed whether the group was the intervention group or the control group. Thirty-seven participants were included in the intervention group, and 37 participants were included in the control group, as shown in [table 1](#T1){ref-type="table"}. No significant differences were found between the groups regarding the background variables age, age group, gender and hearing loss.

###### 

Demographic and clinical characteristics of the participants

                                                               Intervention group (n=37)   Control group (n=37)
  ------------------------------------------------------------ --------------------------- ----------------------
  20--59 years age group, n (%)                                17 (46)                     16 (43)
  60--80 years age group, n (%)                                20 (54)                     21 (57)
  Age, years (range 31--80 years)                              61.8 (11.9)                 62.1 (11.4)
  20--59 years age group                                       50.9 (7.2)                  52.3 (9.1)
  60--80 years age group                                       71.1 (5.4)                  69.6 (5.9)
  Gender, n (%)                                                                            
   Men                                                         24 (64.9)                   20 (54.1)
   Woman                                                       13 (35.1)                   17 (45.9)
  Pure-tone average (dB HL)                                                                
   Right ear                                                   37.5 (11.3)                 38.0 (8.6)
   Left ear                                                    37.8 (10.5)                 36.5 (8.5)
  HA, n (%)                                                                                
   Binaural                                                    28 (75.7)                   31 (83.8)
   Monaural                                                    9 (24.3)                    6 (16.2)
  Duration of HA use                                                                       
   Years (range 0.5--55 years)                                 7.5 (9.6)                   7.4 (6.3)
   Median (Q1/Q3)\*                                            5.0 (1.5/10.5)              6.0 (2.3/11.3)
  Computer experience†, n (%)                                  37 (100)                    37 (100)
  Computer access, n (%)                                       37 (100)                    37 (100)
  Able to have a telephone conversation without HA/s?, n (%)   32 (86.5)                   35 (94.6)
  **IOI-HA**                                                                               
   1. Daily use                                                4.1 (1.1)                   4.4 (1.0)
   2. Benefit                                                  3.8 (0.9)                   4.1 (0.9)
   3. Remaining activity limitation                            3.1 (0.8)                   3.1 (0.8)
   4. Satisfaction                                             4.1 (1.1)                   4.4 (0.8)
   5. Remaining participation restriction                      3.8 (1.1)                   4.1 (0.8)
   6. Impact on environment                                    3.6 (0.9)                   3.9 (0.9)
   7. Quality of life                                          3.6 (0.8)                   3.6 (1.0)

The data are reported as means (SD) unless stated otherwise.

\*Q1=the first quartile, Q3=the third quartile.

†Familiar with: able to log in, print information, complete a questionnaire on a website, and read and send e-mail.

HA, hearing aid; dB HL, Decibel Hearing Level; IOI-HA, International Outcome Inventory for Hearing Aids.

The study was reviewed and approved by the regional ethical review board in Gothenburg, Sweden. The study website was programmed using Java Script, and information was available in hypertext markup language format.

Outcome measures {#s2b}
----------------

The HHIE[@R29] was the primary outcome measure. The HHIE includes two subscales: the *social* subscale comprises 12 questions addressing the social effects of hearing loss, and the *emotional* subscale comprises 13 questions addressing the emotional effects of hearing loss. Higher scores reflect a higher self-reported hearing problem.

The Communication Strategies Scale (CSS, from the Communication Profile for the Hearing Impaired[@R30]) and the Hospital Anxiety and Depression Scale (HADS)[@R31] were used as secondary outcome measures. The CSS includes three subscales (*maladaptive behaviours, verbal strategies* and *non-verbal strategies*) and is designed to analyse participants' behaviour in various communication situations. The *maladaptive behaviours* subscale includes nine questions that analyse strategies that hinder communication. *Verbal strategies* and *non-verbal strategies* address 16 items related to strategies that can enhance communication. Scoring for the CSS reflects how frequently a specific situation or behaviour occurs. The HADS comprises 14 items separated into two subscales: *anxiety* and *depression*. Higher scores reflect more symptoms of anxiety and depression.

The International Outcome Inventory for Hearing Aids (IOI-HA)[@R32] includes seven questions measuring specific dimensions of HA outcomes: daily use, benefits, remaining activity limitations, satisfaction, remaining participation restrictions, impact on the environment and quality of life, with higher scores indicating better outcomes. The IOI-HA was not used as an outcome measure in this study; rather, it was used to describe the demographic and clinical characteristics of the participants, as shown in [table 1](#T1){ref-type="table"}.

The HHIE, CSS and HADS were administered according to the methods described[@R29] and were available on the study website, in Swedish. The questionnaires were administered online before and directly after the study participation and 6 months after participation to evaluate self-reported hearing problems, communication strategies and anxiety and depression. All of the questionnaires have a good internal consistency[@R33] and have been shown to be as reliable as the original versions when used with a Swedish population of young adults and elderly.[@R33] Thorén *et al* [@R35] stressed the importance of keeping the internet-based administration format of the HHIE and HADS stable across time points.

Intervention group {#s2c}
------------------

The internet-based intervention programme is based on four elements: reading, home training, interaction with an audiologist and interaction with peers in an internet-based discussion forum, as seen in [figure 2](#F2){ref-type="fig"}. The participants received information about the intervention programme and access to the reading material on the study website; they also received a book about hearing and HAs[@R36] and the Swedish version of Active Communication Education, a compendium of communication strategies.[@R5] The website information about the intervention programme, along with the book and the compendium, was also mailed to all of the participants in the intervention group.

![The full internet-based programme outlined for the intervention group and the element of the internet-based programme outlined for the control group. The full internet-based programme consisted of four elements: reading, home training, interaction with an audiologist and interaction with peers in an internet-based discussion forum. Weeks 1--4 of the intervention concluded with a quiz. The small part of the internet-based programme consisted of the reading element.](bmjopen-2016-013047f02){#F2}

The reading element is divided into five modules, one module for each of the 5 weeks. The participants were instructed to read specific content each week based on the various chapters of the book and information from the compendium.[@R18] The weekly home assignments (weeks 1--5) were accessible to facilitate an understanding of the contents of the book and the compendium. For example, the weekly assignments could be to observe the benefits of using HAs. The weekly home assignments were handed in on the internet by the participants (weeks 1--5), and direct responses were provided online by an audiologist. The weekly home assignments were also discussed with the audiologist over the phone at the end of each treatment week. The telephone consultations lasted approximately 10--15 min per participant and provided the participants with an opportunity to reflect on the assignment and discuss any concerns they might have. Weeks 1--4 ended with quiz questions on the content of the past weeks' readings. The participants in the intervention group were invited to attend a discussion forum on the study website. Weekly topics were presented for the participants[@R18] to discuss with one other, without any interaction with the audiologist. The participants were free to use the discussion forum with no restrictions from the audiologist. However, all activities were strictly observed, and if needed, inappropriate postings could be deleted. No inappropriate postings occurred.

Control group {#s2d}
-------------

The control group received one reading element (see [figure 2](#F2){ref-type="fig"}), that is, the first four chapters of the book,[@R36] and the information about participation was provided on the study website. The website information and book chapters were also mailed to the participants. The control group was asked to read the four chapters over a 5-week period; no assignments were given in association with their participation. To minimise the impact of professional interaction, no monitoring was provided during the programme to ensure that the participants actually read the chapters.

Follow-up {#s2e}
---------

At the end of the treatment period, the HHIE, CSS and HADS were made available to all participants on the study website, and the participants were asked to complete them. Both groups' participation was evaluated using a poststudy telephone interview. The poststudy interviews for the intervention group were conducted by five different clinical audiologists, compared with one who conducted the prestudy interviews and the telephone consultations during the study, to minimise the influence of special attention on the participants' responses to the questionnaires. The five audiologists were trained for consistency by the project leader. The poststudy interviews for the control group were conducted by the same audiologist who conducted the prestudy interviews. For the telephone interview, the audiologists used a self-designed form that contained questions about the study process, including opportunities for the participants to provide their own comments. Different forms were designed for the intervention group and the control group. All of the participants were invited to keep their copy of the reading material.

Six months after the study participation, the participants in both groups were contacted via e-mail and asked to complete the HHIE, CSS and HADS online again.

Statistical analyses {#s2f}
--------------------

Statistical Package for the Social Sciences[@R39] software for Windows (SPSS V.19.0) was used for the analysis of all data. Three measurement time points were examined: pretreatment (T0), post-treatment (T1) and 6 months post-treatment (T2). To ensure a between-group effect of 80% at the 5% significance level, it was estimated that 60 participants needed to be included in the study. An effect size of Cohen's *d*=0.80 was expected. The expected standardised mean difference on the HHIE total scale formed the basis of the obtained power. The within-group and between-group effect sizes of Cohen's *d* were calculated from T0 to T1 and from T0 to T2, and were categorised as small (0.2≤*d*\<0.5), moderate (0.5≤*d*\<0.8) and large (0.8≤*d*).

No significant differences were found between the groups at T0 for all the outcome measures. All data from the participants who did not complete T1 and/or T2 measurements were treated on an *intention-to-treat* (ITT) basis,[@R40] meaning that the participants were included in the analysis (as missing data) regardless of their compliance or withdrawal from the study (see [figure 1](#F1){ref-type="fig"}).

Given the ability to handle missing data,[@R41] mixed-effects models with compound symmetry as the covariance structure were used to analyse the HHIE, CSS and HADS. Differences between the intervention group and the control group were examined by modelling the interaction effects of group and time. A subgroup analysis was performed including two groups categorised as age group 20--59 years and age group 60--80 years.

A sensitivity analysis was performed using mixed-effects models for the HHIE, CSS and HADS, this time excluding subjects who did not complete all measurement time points (T1 and/or T2). Sensitivity analysis was performed to increase the understanding of the relationships between internet-based AR and the outcome measures, HHIE, CSS and HADS.

Results {#s3}
=======

Attrition and adherence {#s3a}
-----------------------

Eight participants in the intervention group and five in the control group completed the study programme but did not provide all T1 and/or T2 measurements, without giving a specific reason. Six participants in the intervention group and seven in the control group withdrew from participation in the study, as shown in [figure 1](#F1){ref-type="fig"}. Five of those who withdrew from the study provided T1 measurements; four provided T2 measurements. One participant who was lost to follow-up at T1 provided T2 measurements. Consequently, 12 participants (16%) did not provide T1 measurements (of which n=1 followed up only with the HHIE), and 22 participants did not provide T2 measurements (30%). No significant differences were found when comparing the baseline values between those who discontinued the study programme from T0 to T1 and those who did not. Those who discontinued from T0 to T2 had lower scores on baseline values for HHIE total (t(72)=−2.31, p=0.024) and the *emotional* subscale (t(72)=−2.05, p=0.044), and lower points on HADS total (t(72)=−2.73, p=0.008) and the *anxiety* (t(72)=−2.03, p=0.046) and *depression* (t(72)=−2.38, p=0.020) subscales, compared with those who continued with the study.

Thirteen per cent of the participants in the intervention group who completed the study programme answered less than three (of four) of the weekly quizzes, and 26% provided less than four (of five) online weekly responses to the audiologist. However, all of these were active participants in conversations during the weekly telephone follow-up, and some stated a wish for the discussion forum to be more active because they considered that part of the intervention very interesting. On average, the participants posted 0.4 contributions to the discussion forum.

Primary outcome measure {#s3b}
-----------------------

Both groups showed decreased HHIE total scores T0--T1 (p\<0.000) and T0--T2 (p\<0.000). The interaction effect for HHIE total T0--T1/T0--T2 was not significant. The results are presented in [table 2](#T2){ref-type="table"}, and the estimated marginal means and SEs of the outcome measures HHIE, CSS and HADS for both groups are presented as online [supplementary appendix I](#SP1){ref-type="supplementary-material"}. Both groups showed decreased scores for both of the HHIE subscales from T0 to T1 (p\<0.001) and from T0 to T2 (p\<0.001). The interaction effect was not significant for T0--T1 for the *social* subscale or for T0--T2 for the *social* and *emotional* subscales. A borderline significant interaction effect emerged for the *emotional* subscale T0--T1 (F~(1,64.3)~=3.8, p=0.054). Small to large between-group effect sizes were found for the HHIE, as shown in [table 2](#T2){ref-type="table"}.
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###### Supplementary data

###### 

OM and SD of the outcome measures HHIE, CSS and HADS for both groups at pretreatment (T0), post-treatment (T1) and 6 months post-treatment (T2) (n=74)

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                    OM (SD)        ES (95% CI) within-group   ES (95% CI) between-group   Interaction effect\                                                                                                                                                   
                                                                                          (p Value) (F value)                                                                                                                                                   
  ----------------- -------------- -------------------------- --------------------------- --------------------- -------------------- -------------------- -------------------- -------------------- ------------------------------ ---------------------------- ---------------
  HHIE                                                                                                                                                                                                                                                          

   Total            I-group        42.0 (16.9)                35.8 (15.2)                 36.0 (15.8)           S (−0.08 to 0.84)    S (−0.10 to 0.82)    S (−0.16 to 0.76)                         2.5 (*0.297*)                  3.8 (*0.306*)                

  C-group           36.1 (11.8)    31.3 (14.3)                34.0 (13.2)                 S (−0.10 to 0.82)                                                                                                                                                     

   Social           I-group        20.2 (8.8)                 18.3 (7.1)                  18.2 (7.8)            S (−0.22 to 0.69)    S (−0.22 to 0.69)    S (−0.08 to 0.84)                         0.4 (*0.732*)                  1.8 (*0.224*)                

  C-group           18.5 (6.6)     15.5 (7.3)                 18.2 (7.1)                  S (−0.03 to 0.89)                                                                                                                                                     

   Emotional        I-group        21.8 (9.5)                 17.5 (9.4)                  17.8 (9.5)            M (−0.01 to 0.91)    S (−0.04 to 0.88)                         S (−0.22 to 0.69)    3.0 (*0.054*) (t×gr=3.8)       1.9 (*0.132*)                

  C-group           17.6 (7.3)     15.8 (8.2)                 15.7 (8.3)                  S (−0.23 to 0.69)     S (−0.22 to 0.70)                                                                                                                               

  CSS                                                                                                                                                                                                                                                           

   Total            I-group        68.1 (13.6)                74.7 (11.1)                 70.9 (10.5)           M (−0.99 to −0.06)   S (−0.69 to 0.23)    M (0.06 to 0.98)     S (−0.08 to 0.84)    5.2 (*0.021*) (t×gr=5.6)\*     3.5 (*0.064*) (t×gr=2.8)     

  C-group           67.2 (11.3)    68.5 (12.4)                66.7 (11.6)                                                                                                                                                                                       

   Maladaptive      I-group        17.9 (4.5)                 17.8 (5.7)                  17.4 (4.3)                                                      S (−0.23 to 0.69)                         0.3 (*0.739*)                  0.2 (*0.893*)                

  C-group           17.2 (3.5)     16.7 (3.5)                 17.3 (4.4)                                                                                                                                                                                        

   Verbal           I-group        22.6 (6.7)                 25.8 (6.1)                  24.1 (4.8)            M (−0.96 to −0.03)   S (−0.71 to 0.20)    S (−0.14 to 0.78)    S (−0.04 to 0.88)    1.2 (*0.299*)                  1.4 (*0.455*)                

  C-group           21.8 (5.6)     23.8 (6.4)                 21.9 (5.5)                  S (−0.79 to 0.13)                                                                                                                                                     

   Non-verbal       I-group        27.6 (6.9)                 31.2 (4.8)                  29.3 (4.8)            M (−1.07 to −0.13)   S (−0.74 to 0.17)    M (0.09 to 1.02)     S (−0.14 to 0.78)    3.7 (*0.004)* (t×gr=9.2)\*\*   1.9 (*0.011*) (t×gr=4.7)\*   

  C-group           28.1 (6.2)     28.0 (6.5)                 27.5 (6.2)                                                                                                                                                                                        

  HADS                                                                                                                                                                                                                                                          

   Total            I-group        8.5 (6.6)                  7.5 (6.3)                   4.8 (4.5)                                  M (0.18 to 1.12)                          S (−0.84 to 0.08)    0.7 (*0.463*)                  2.4 (*0.070*)                

  C-group           7.4 (4.8)      6.5 (5.2)                  6.8 (5.9)                                                                                                                                                                                         

   Anxiety          I-group        4.6 (3.8)                  3.8 (3.4)                   2.4 (2.0)             S (−0.24 to 0.68)    M (0.25 to 1.19)                          M (−0.94 to −0.02)   0.6 (*0.198*)                  1.4 (*0.071*)                

  C-group           4.3 (3.2)      3.7 (3.1)                  3.7 (3.2)                                                                                                                                                                                         

   Depression       I-group        3.9 (3.3)                  3.7 (3.5)                   2.6 (2.8)                                  S (−0.04 to 0.88)    S (−0.16 to 0.75)                         0.0 (*0.984*)                  1.1 (*0.171*)                

  C-group           3.1 (2.5)      2.8 (2.4)                  3.1 (2.9)                                                                                                                                                                                         

  HHIE age groups                                                                                                                                                                                                                                               

   Total            I-group        20--59 years               44.7 (13.6)                 40.8 (13.3)           43.4 (14.6)          S (−0.17 to 0.74)                         M (0.01 to 0.93)     L (0.39 to 1.35)               1.3 *(0.681)*                1.0 *(0.919)*

  C-group           20--59 years   38.0 (12.7)                34.0 (15.3)                 31.6 (13.5)           S (−0.18 to 0.74)    M (0.02 to 0.95)                                                                                                           

  I-group           60--80 years   39.7 (19.3)                31.7 (15.8)                 31.6 (15.2)           M (−0.01 to 0.91)    M (0.00 to 0.92)                          S (−0.73 to 0.19)    3.5 *(0.344)*                  5.5 *(0.282)*                

  C-group           60--80 years   34.7 (11.1)                29.0 (13.3)                 35.5 (13.3)           M (0.00 to 0.92)                                                                                                                                

   Social           I-group        20--59 years               21.2 (7.9)                  19.6 (6.6)            21.0 (7,6)           S (−0.24 to 0.68)                         S (−0.03 to 0.89)    S (−0.08 to 0.86)              1.1 *(0.570)*                1.3 *(0.604)*

  C-group           20--59 years   19.8 (7.0)                 16.4 (8.0)                  17.8 (8.9)            M (−0.01 to 0.91)    S (−0.21 to 0.71)                                                                                                          

  I-group           60--80 years   19.3 (9.6)                 17.2 (7.4)                  16.6 (7.7)            S (−0.21 to 0.70)    S (−0.15 to 0.77)    S (−0.12 to 0.79)    S (−0.73 to 0.19)    0.1 *(0.954)*                  2.1 *(0.381)*                

  C-group           60--80 years   17.5 (6.2)                 14.8 (6.8)                  18.5 (6.0)            S (−0.04 to 0.87)                                                                                                                               

   Emotional        I-group        20--59 years               23.5 (7.8)                  21.2 (8.2)            22.4 (10.0)          S (−0.02 to 0.74)                         S (−0.04 to 0.88)    L (0.48 to 1.44)               2.4 *(0.190)*                0.4 *(0.340)*

  C-group           20--59 years   18.3 (7.6)                 17.6 (8.7)                  13.8 (7.5)                                 M (0.12 to 1.06)                                                                                                           

  I-group           60--80 years   20.4 (10.7)                14.4 (9.3)                  15.1 (8.3)            M (0.13 to 1.06)     M (0.08 to 1.01)                          S (−0.66 to 0.25)    3.4 (0.158)                    3.5 *(0.212)*                

  C-group           60--80 years   17.1 (7.3)                 14.3 (7.7)                  16.9 (8.9)            S (−0.09 to 0.83)                                                                                                                               

  CSS age groups                                                                                                                                                                                                                                                

   Total            I-group        20--59 years               68.8 (12.0)                 76.4 (8.3)            73.5 (8.6)           M (−1.20 to −0.26)   M (−0.91 to 0.02)    S (−0.08 to 0.84)    M (0.06 to 0.99)               2.5 *(0.504)*                1.5 *(0.806)*

  C-group           20--59 years   67.7 (11.3)                72.3 (12.4)                 69.2 (7.5)            S (−0.84 to 0.08)                                                                                                                               

  I-group           60--80 years   67.4 (15.1)                73.4 (10.6)                 69.4 (11.4)           M (−0.92 to 0.01)                         L (0.27 to 1.21)     S (−0.12 to 0.80)    7.8 (*0.004*) (t×gr=9.3)\*\*   5.5 *(0.017)* (t×gr=4.3)\*   

  C-group           60--80 years   66.8 (11.5)                65.1 (11.6)                 65.0 (13.8)                                                                                                                                                           

   Maladaptive      I-group        20--59 years               18.2 (4.1)                  17.9 (5.8)            17.6 (2.5)                                                     S (−0.25 to 0.67)    M (0.03 to 0.95)               1.0 *(0.426)*                0.1 *(0.631)*

  C-group           20--59 years   16.7 (3.5)                 16.9 (3.2)                  16.1 (3.5)                                                                                                                                                            

  I-group           60--80 years   17.8 (5.0)                 17.7 (5.8)                  17.3 (5.1)                                                      S (−0.24 to 0.68)                         1.3 *(0.337)*                  0.4 *(0.543)*                

  C-group           60--80 years   17.7 (4.3)                 16.6 (3.9)                  18.1 (4.8)            S (−0.19 to 0.72)                                                                                                                               

   Verbal           I-group        20--59 years               23.0 (8.0)                  26.4 (6.8)            25.3 (4.8)           M (0.91 to 0.01)     S (−0.80 to 0.11)                         S (−0.24 to 0.68)              0.6 *(0.756)*                0.6 *(0.875)*

  C-group           20--59 years   22.4 (5.5)                 25.4 (6.6)                  24.4 (3.2)            M (−0.95 to −0.03)   S (−0.90 to 0.02)                                                                                                          

  I-group           60--80 years   22.2 (5.5)                 25.3 (5.5)                  23.5 (4.8)            M (−1.02 to −0.09)   S (−0.71 to 0.21)    M (0.04 to 0.96)     M (0.13 to 1.06)     1.8 *(0.231)*                  2.8 *(0.190)*                

  C-group           60--80 years   21.4 (5.6)                 22.4 (6.0)                  20.2 (6.1)                                 S (−0.25 to 0.66)                                                                                                          

   Non-verbal       I-group        20--59 years               27.7 (5.6)                  32.1 (4.1)            30.6 (4.9)           L (−1.36 to −0.41)   M (−1.01 to −0.08)   S (−0.01 to 0.84)    S (0.05 to 0.87)               2.8 *(0.106)*                1.9 *(0.318)*

  C-group           20--59 years   28.6 (5.5)                 30.0 (6.5)                  28.7 (4.2)            S (−0.69 to 0.23)                                                                                                                               

  I-group           60--80 years   27.5 (8.0)                 30.4 (5.2)                  28.6 (4.8)            S (−0.89 to 0.03)                         M (0.26 to 1.20)     S (−0.15 to 0.76)    4.7 (*0.010*) (t×gr=7.4)\*     2.2 (*0.019*) (t×gr=4.2)\*   

  C-group           60--80 years   27.8 (7.3)                 26.2 (6.1)                  26.7 (7.3)            S (−0.22 to 0.69)                                                                                                                               

  HADS age groups                                                                                                                                                                                                                                               

   Total            I-group        20--59 years               9.5 (5.8)                   9.4 (4.9)             6.5 (4.5)                                 M (0.11 to 1.03)     S (−0.10 to 0.82)                                   0.3 *(0.804)*                2.1 *(0.300)*

  C-group           20--59 years   8.3 (4.3)                  7.7 (4.5)                   6.7 (7.4)                                  S (−0.20 to 0.72)                                                                                                          

  I-group           60--80 years   7.7 (7.3)                  5.9 (7.0)                   4.1 (4.4)             S (−0.21 to 0.71)    M (0.13 to 1.06)                          M (−1.06 to −0.13)   1.4 *(0.257)*                  2.7 *(0.178)*                

  C-group           60--80 years   6.8 (5.2)                  5.4 (5.7)                   6.9 (4.9)             S (−0.20 to 0.71)                                                                                                                               

   Anxiety          I-group        20--59 years               5.2 (3.6)                   4.8 (3.2)             3.1 (2.0)                                 M (0.24 to 1.18)                          S (−0.80 to 0.12)              0.1 *(0.858)*                1.5 *(0.198)*

  C-group           20--59 years   5.1 (2.6)                  4.7 (2.9)                   4.2 (4.1)                                  S (−0.20 to 0.72)                                                                                                          

  I-group           60--80 years   4.1 (4.0)                  2.9 (3.5)                   2.0 (1.9)             S (−0.14 to 0.77)    M (0.20 to 1.13)                          M (−1.07 to −0.14)   1.0 *(0.117)*                  1.3 *(0.254)*                

  C-group           60--80 years   3.7 (3.6)                  2.8 (3.2)                   3.4 (2.6)             S (−0.20 to 0.72)                                                                                                                               

   Depression       I-group        20--59 years               4.3 (2.9)                   4.6 (3.0)             3.4 (2.8)                                 S (−0.15 to 0.77)    M (0.15 to 1.09)     S (−0.21 to 0.70)              0.5 *(0.556)*                0.7 *(0.501)*

  C-group           20--59 years   3.2 (2.2)                  3.0 (2.0)                   2.6 (3.6)                                  S (−0.26 to 0.66)                                                                                                          

  I-group           60--80 years   3.6 (3.6)                  3.0 (3.9)                   2.1 (2.8)                                  M (−0.00 to 0.92)                         S (−0.72 to 0.19)    0.4 *(0.678)*                  1.3 *(0.278)*                

  C-group           60--80 years   3.1 (2.7)                  2.6 (2.8)                   3.5 (2.4)                                                                                                                                                             
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cohen's pooled within-group and between-group small/moderate/large effect sizes (ES) and 95% (CIs) for the intervention (I-group) and control group (C-group) are presented. p Values illustrate the significance of the difference in estimated marginal means between the intervention and control groups. F values illustrate the interaction effect for time×group (t×gr).

ES below 0.2 is not reported in the table: S=small effect size (0.2≤*d*\<0.5), M=moderate effect size (0.5≤*d*\<0.8), L=large effect size (0.8≤*d*).

\*p\<0.05, \*\*p\<0.01.

CSS, Communication Strategies Scale of the Communication Profile for the Hearing Impaired: *maladaptive*, *verbal* and *non-verbal* subscales; HADS, Hospital Anxiety and Depression Scale: *anxiety* and *depression* subscales; HHIE, Hearing Handicap Inventory for the Elderly: *social* and *emotional* subscales; OM, observed means.

Secondary outcome measures {#s3c}
--------------------------

Significantly greater improvement was found for the intervention group compared with the control group from T0 to T1 for the CSS total (F~(1,\ 62.9)~=5.6, p\<0.05) and for the *non-verbal* subscale (F~(1,\ 63.8)~=9.2, p\<0.01). This interaction effect persisted from T0 to T2 for the *non-verbal* subscale (F~(2,\ 115.8)~=4.7, p\<0.05), and was on the borderline for CSS total (F~(2,114.4)~=2.8, p=0.064). Moderate within-group effect sizes from T0 to T1 were observed for the intervention group for the CSS total and for the *verbal* and *non-verbal* subscales. Moderate between-group effect sizes were shown for the CSS total and for the *non-verbal* subscale from T0 to T1, as shown in [table 2](#T2){ref-type="table"}.

The analyses for HADS showed that both the intervention group and the control group improved their total scores over the time, and the analyses identified no significant differences when modelling the interaction effects from T0 to T1 or from T0 to T2, as shown in [table 2](#T2){ref-type="table"}. Moderate within-group effect sizes were found for the HADS total from T0 to T2, as shown in [table 2](#T2){ref-type="table"}.

Subgroup analysis {#s3d}
-----------------

A subgroup analysis for different age groups was performed for the HHIE, CSS and HADS scores from T0 to T1 and from T0 to T2. No significant interaction effect was found for the outcome measures HHIE and HADS from T0 to T1 or from T0 to T2 for the age groups 20--59 years and 60--80 years, as shown in [table 2](#T2){ref-type="table"}. Nevertheless, a large between-group effect was found from T0 to T2 for the HHIE total score and for the *emotional* subscale among the participants in the 20--59 years age group, as shown in [table 2](#T2){ref-type="table"}. The participants in the 60--80 years age group showed medium between-group effect sizes for the HADS total scale and *anxiety* subscale.

The CSS total showed an interaction effect from T0 to T1 (F~(1,\ 33.2)~=9.3, p\<0.01), indicating that the 60-year-olds to 80-year-olds in the intervention group showed significantly more improvement than the 60-year-olds to 80-year-olds in the control group. This effect persisted from T0 to T2 (F~(2,\ 63.7)~=4.3, p\<0.05). There was also an interaction effect from T0 to T1 for the *non-verbal* subscale, with the 60-year-olds to 80-year-olds in the intervention group showing significantly greater improvement (F~(1,\ 33.7)~=7.4, p\<0.05) compared with the 60-year-olds to 80-year-olds in the control group. This effect persisted from T0 to T2 (F~(2,64.1)~=4.2, p\<0.05). It may be noted that the participants of the age 60--80 years in the control group declined over time as measured by CSS total and *non-verbal* subscale, and that improvements in the intervention group were of small or moderate effect size. However, the younger subgroup (20--59 years of age) was improving over time in both the control (small effect sizes) and the intervention group (moderate or large effect sizes).

Sensitivity analysis {#s3e}
--------------------

A sensitivity analysis was performed for the HHIE, CSS and HADS by excluding all data from the participants who did not complete all three measurement time points (T0, T1 and T2; n=50). However, 50 participants are not sufficient to ensure a between-group effect of 80%. Nonetheless, the sensitivity analysis revealed an interaction effect for the HHIE *emotional* subscale from T0 to T1 (F~(1,\ 48.0)~=4.3, p\<0.05), with the intervention group showing an advantage, as shown in online [supplementary appendix II](#SP2){ref-type="supplementary-material"}. This interaction effect did not remain 6 months post-treatment.
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###### Supplementary data

The interaction effect for the CSS total that was achieved when participants were treated on an ITT basis (n=74) was not apparent in the sensitivity analysis (n=50). The results for the CSS showed an interaction effect for the *non-verbal* subscale from T0 to T1 (F~(1,\ 48.0)~=6.8, p\<0.05) and from T0 to T2 (F~(2,\ 96.0)~=3.5, p\<0.05), with the intervention group showing significantly greater improvement compared with the control group, similar to the results for the whole group (n=74).

Furthermore, the sensitivity analysis showed significant results for the HADS total scale from T0 to T2 (F~(2,\ 96.0)~=3.1, p\<0.05), indicating that the intervention group's scores had improved more than those of the control group. The sensitivity analysis for the remaining scales and subscales showed no changes in significance compared with the previous analysis (n=74), as shown in online [supplementary appendix II](#SP2){ref-type="supplementary-material"}.

Discussion {#s4}
==========

The aim of this study was to evaluate whether internet-based AR for HA users would be effective in GCP and whether the assumed positive effect of participating in the internet-based AR programme would be maintained 6 months after the programme was completed. Our aim was also to analyse the effect of the programme in two age groups.

Both the intervention group and the control group improved their HHIE scores from T0 to T1 and from T0 to T2; however, the improvements were not significantly different between groups, unlike the findings of our research group's previous study[@R18] (for demographics, see [table 1](#T1){ref-type="table"}). Differences in the results could be related to differences in the recruitment process. In our previous study,[@R18] the participants were recruited through advertisements and articles in Swedish national daily newspapers and on the internet; the recruited participants were well educated and had a higher education level than the general population. This indicated that the intervention programme is well suited for educated patients, although education was not a significant predictor of intervention outcomes.[@R42] This recruitment strategy recruited participants who actively sought involvement in research. Additionally, the participants were somewhat older and were more experienced HA users than the participants in the current study. Thus, the internet-based intervention programme may be more suited for older adults and experienced HA users than for younger adults and less experienced. Also, the participants in the current study received similar clinical treatments prior to participating in the study, which may impact the effectiveness of the current study, in particular if the participants experience positive clinical treatment outcomes. Another underlying explanation for the differences in improvement could be that the control group was more active in the present study compared with our previous study,[@R18] in which the participants read a book about the history of HAs, although not online. Participants being enrolled in a research study might generally be more positive after their participation,[@R43] which could be considered a research bias assuming that the full internet-based AR is more effective than one element of the programme. A borderline significant interaction effect emerged for the HHIE *emotional* subscale from T0 to T1, indicating that the full internet-based AR could have had a positive impact on the emotional effects of the participants' hearing loss. This could be due to the *reading* and *home training* elements that by educating raises participants' abilities, which can lead to increased self-esteem. This increased self-esteem might be additionally acknowledged by the audiologist during the weekly telephone consultations.

The sensitivity analysis that was performed (n=50) revealed an interaction effect for the HHIE *emotional* subscale from T0 to T1, for the CSS *non-verbal strategies* subscale from T0 to T1 and from T0 to T2, and for the HADS total scale from T0 to T2; all interaction effects indicated an advantage for the intervention group. It appears that participants who were especially persistent and who participated in all aspects of the full internet-based AR or were just conscientious may show changes in the HHIE score and in their communications skills, and changes in symptoms of anxiety and depression. Thus, the sensitivity analysis makes the study underpowered, and these interaction effects should be treated with caution.

The participants who did not provide T0--T2 measurements for the present study had lower baseline scores on the HHIE and HADS compared with those who continued in the present study, indicating that insubstantial self-reported social and emotional effects of hearing loss as well as anxiety and depression symptoms can influence the decision to drop out. Laplante-Lévesque *et al* [@R42] showed that greater self-reported hearing disability is one of the predictors for intervention uptake and positive outcomes. Another potential influencing factor might be that it is easier to drop out when the intervention is internet-based, as discussed by Andersson *et al*.[@R44]

In our earlier research, the HHIE was an appropriate measure for the outcomes of telephone-supported AR beyond HA fitting in GCP[@R17]; in that study, the programme for the intervention group did not include parts of the Active Communication Education (ACE) programme, which targets the communication difficulties experienced by older people with hearing impairment in everyday life.[@R37] In the clinical population of the present study, we found effects for the CSS total and the *non-verbal* subscale; thus, it seems that participating in the full internet-based AR programme containing the ACE programme has a larger effect on communication skills compared with partial participation. Determining the element responsible for the interaction improvement in the present study is challenging. The *reading* and *home training* elements of the full internet-based AR programme might have contributed to improved communication skills, but so, too, might the telephone follow-up by the audiologist. Having personal phone contact with an audiologist may have encouraged the participants to try out the programme's suggested strategies. The effect on the CSS, however, raises doubts about the applicability of the HHIE as a main outcome measure for the present study (eg, power calculation and sample size).

The intervention and control groups were also analysed using subgroups. The 60-year-olds to 80-year-olds in the intervention group obtained significantly greater improvement compared with the 60-year-olds to 80-year-olds in the control group in terms of the CSS total and the *non-verbal* subscale, contradicting our hypothesis that the 20--59 years age group would be more receptive to internet-based AR. As mentioned, the ACE programme targets the everyday life of older people, which may have been reflected in the results of the CSS subgroup analysis. However, it might be that the decline in scores as measured by CSS total and the *non-verbal* subscale for the 60-year-olds to 80-year-olds in the control group contributes to the small effect in the intervention group becoming more pronounced in this subgroup than the differences in the improvements seen in both control and intervention groups in the younger subgroup (20--59 years). Additionally, it might be that the older adults use more non-verbal strategies when communicating because of their presumably greater cognitive demands when trying to understand speech.[@R45] However, the subgroup analysis includes small groups and these results should be treated with caution.

Thorén *et al* [@R18] found significant improvements in the intervention group when measuring participants' psychosocial well-being using the HADS. Our results showed that both the intervention group and the control group showed improved HADS scores, although the difference between the groups was not significant. Preminger[@R46] reviewed the importance of taking psychosocial outcomes into account when implementing group adult AR and highlighted the importance of outcome studies. The HADS is believed to be sensitive enough to detect the effects of online education.[@R16]

Limitations {#s4a}
-----------

One limitation is that the participants in this study have been HA users for an average of 7.5 years. In our previous study in a GCP setting, that number was 6.5 years[@R17]; for Thorén *et al*, the average was 9.9 years.[@R18] Despite inclusion criteria that acknowledged the heterogeneity of a clinical population, the participants in the present study were experienced HA users. However, new HA users are more likely to benefit from educational programmes, compared with experienced HA users.[@R13] Thus, although different aspects of AR may not suit every individual client, the current study increases the confidence that the clinical use of group AR will likely have positive outcomes.[@R47] Additionally, included participants were asked to sign up via the internet and are thus competent internet users, which would likely impact the effectiveness of the current study. Another limitation is that the control group received an active intervention and only one of the four elements of the programme, as seen in [figure 2](#F2){ref-type="fig"}. We are unaware of the relative benefit that any other element alone/combination of elements might have as compared with the full intervention. A more clear result may generate from a control group that receives no intervention.

Another concern that needs to be mentioned is that the observed standardised mean difference on the HHIE between the intervention and control group was much lower than what was expected when comparing with previous research and anticipated in the sample size calculation; also, the SD was larger than expected. Thus, increasing the sample size initially could maybe result in statistically significant difference between the groups; nevertheless, it is not certain that the standardised mean difference between the groups in a larger sample would lead to clinically meaningful difference for the participants.

Conclusion {#s5}
==========

The internet-based approach expands the availability of AR in GCP, offering accessibility to many people, including hard-to-reach populations.[@R48] The present study shows that using the internet for interactions between the audiologist and the HA user had a positive effect on communication skills for the intervention group compared with the control group. Furthermore, the full internet-based AR programme was not more effective than one element of the internet-based AR programme. However, the advantages of an internet-based approach, both for the patient and the clinician,[@R47] may inspire clinicians and operation managers in their future utilisation of comprehensive AR in addition to HA fitting.

More research is needed to examine the efficacy and applicability of this type of intervention. This study is one of the first RCTs in Sweden to implement internet-based rehabilitation beyond conventional HA fitting in a GCP, and is at the beginning of exploring the possible clinical applicability of this type of intervention. Further analysis is needed to examine the individual elements of the full internet-based AR programme to evaluate which part of the internet-supported educational intervention had the greatest effect: the reading material, the weekly assignments, the discussion forum or the contact with the audiologist. In addition, guided internet-based intervention should be compared with face-to-face AR to analyse whether the two approaches are equally effective. Also, this type of internet-based intervention delivered exclusively to new HA users should be compared with a matched group who only receive HA in order to know the relative efficacy of the internet-based AR programme. Additionally, the individual needs of the HA user should be taken into account when designing group AR, as should including significant others in the intervention.
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